Purpose. To evaluate the medium-term outcomes of total hip replacement (THR) using a thin highly cross-linked polyethylene (HXLPE) liner in an Asian population. Methods. Medical records of 20 men and 44 women aged 26 to 80 (mean, 59) years who underwent 80 THRs using a thin HXLPE liner by a single surgeon were reviewed. Indications for THR included dysplasia (n=26), avascular necrosis (n=26), osteoarthritis (n=22), rheumatoid arthritis (n=4), and ankylosing spondylitis (n=2). The surgical technique, implant used, and rehabilitation protocol were standardised. Radiographs were evaluated for cup migration and peri-implant radiolucency. Femoral head penetration was assessed at day 1 and last follow-up using the Kang modification of the Dorr and Wan method and the PowerPoint method. Results. After a mean follow-up of 7.5 (range, 5.0-11.9) years, no patient had undergone acetabular revision. Two hips were revised for the femoral stem. Femoral
weight polyethylene. [1] [2] [3] [4] Its wear rate is 0.017 to 0.05 mm/year, [5] [6] [7] [8] [9] but its fatigue strength is a concern. 10 HXLPE is manufactured by irradiating with highdose gamma or electron beam to achieve crosslinking, followed by remelting or annealing to minimise free radicals, and then sterilising with gas plasma or ethylene oxide to prevent creation of free radicals. This study evaluated the medium-term outcomes of total hip replacement (THR) using a thin HXLPE liner in an Asian population.
MATERIALS AND METHODS
This study was approved by the institutional review board of our hospital. Postoperative rehabilitation was standardised. Full weight bearing and physiotherapy was allowed from day 1. Patients were followed up at weeks 2 and 6, months 3 and 12, and every 2 years thereafter. Radiographs were evaluated for cup migration and peri-implant radiolucency. Osteolysis was assessed according to the Delee and Charnley zones 12 and Gruen zones. 13 Osteolysis was defined as bone resorption of ≥2 mm.
Femoral head penetration was assessed at day 1 and last follow-up using the Kang modification of the Dorr and Wan method 14, 15 and the PowerPoint method, 16 which correlates with the 3-dimensional laser scanning methods of retrieved implants. 17 Similar to the Livermore method, 18 the PowerPoint method uses circles of different sizes to determine the centre of the acetabular shell in relation to the centre of the femoral head, and measure the distance of translation and the direction of wear (Fig. 1) . Two observers used the PowerPoint method on 2 different occasions (with an interval of 2 weeks) for wear analysis. The mean of 4 measurements was used. Any major inter-or intra-observer differences (>2 small segment differences in wear or differences in direction of wear) were resolved by re-evaluation and consensus. The third observer used the Kang modification of the Dorr and Wan method for wear analysis; if negative values were obtained repeatedly owing to the low wear rates and manual error, 19 the value of wear was assumed to be 0 mm.
Simple regression analysis was used to evaluate the correlation between femoral head penetration and age, sex, weight, aetiology, duration of followup, liner thickness, and acetabular cup inclination. Age was categorised into <60 years and ≥60 years. Liner thickness was categorised into <7 mm and ≥7mm. Acetabular cup inclination was categorised into within the safe zone (30º to 50º), 20 and outside of the safe zone (<30º and >50º). A p value of <0.05 was considered statistically significant. Bland-Altman plots with inter-class correlation analysis were used to compare the 2 measurement methods. A scatter plot with a fitted line was used for the correlation between follow-up duration and liner wear.
results
After a mean follow-up of 7.5 (range, 5.0-11.9) years, no patient had undergone acetabular revision. Two hips were revised for the femoral stem: one at year 2 owing to femoral stem subsidence not related to osteolysis, and the other at month 1 owing to a femoral stem periprosthetic fracture following a fall. Femoral head penetration did not correlate with sex, age at surgery, hip pathology, acetabular inclination angle, cup size, or liner thickness (Table) . The maximum femoral head penetration was 0.09 mm/year, which was below the osteolysis threshold of 0.1 mm/year.
The interclass correlation coefficient for intraand inter-observer measurements for the PowerPoint method was 0.726 and 0.219, respectively. The BlandAltman plot to compare the 2 measurement methods showed a mean difference of 0.12 mm (standard deviation [SD], 0.17), with a limit of agreement at 0.46 mm. Compared with the PowerPoint method, the Kang modification of the Dorr and Wan method tended to underestimate lower head penetration rates and overestimate higher head penetration rates (Fig.  2) . The mean±SD femoral head penetration measured by the 2 methods was 0.29±0.12 mm (or 0.04±0.02 mm/year) and 0.17±0.22 mm (or 0.02±0.03 mm/ year), respectively. Using simple linear regression analysis of the wear rate as a function of the number of years, the linear coefficient of determination (R 2 ) was 0.16, with an estimated slope of 0.03 (Fig. 3) . When an outlier (0.81 mm wear at 11.9 years) was excluded, the linear coefficient of determination (R 2 ) was 0.091, with an estimated slope of 0.02.
discussion
Revision THR is associated with greater morbidity and less improvement in quality of life than primary THR. 21 The rate of osteolysis and the need for revision THR are assumed to be lower when the wear rate of the polyethylene liner decreases. 22 The wear rate of a HXLPE liner has been reported to be 0.017 to 0.05 mm/year. [5] [6] [7] [8] [9] In our study, the wear rate was 0.02 to 0.04 mm per year, which was significantly lower than that for an ultra-high molecular weight polyethylene liner. 9, 23 In Asian populations, the small acetabulum limits the liner thickness options and femoral head implant size. The mean acetabular implant size of our patients was 50.9 mm, which is several sizes smaller than the mean size of 56.0 mm for western populations. 23 The mean liner thickness of 7.0 mm was also thinner than the 12.9 mm thickness used for western populations. 24 None of our patients had implant failure owing to the fatigue strength of the HXLPE liner. 25 The Kang modification of the Dorr and Wan method was difficult to apply, because (1) the metalbacked acetabular shell has a locking mechanism on the edge, which may obscure the lateral-most edge of the implant, and (2) the anteversion of the cup may blur the transition point of the medial-most edge. The PowerPoint method was cost-effective and easy to use, with the metal-backed acetabular shell being a marker.
One limitation of this study was that the mediumterm follow-up was not sufficient to determine the rate of osteolysis in the HXLPE liner. Nonetheless, based on the osteolysis threshold of 0.1 mm/year, 21, 26 none of the hips would be expected to develop clinically important periprosthetic osteolysis. Besides, the variability in measuring extremely small displacements of the femoral head on radiographs was large, which was reduced by multiple measurements. Moreover, only 2-dimensional measurement was made; wear in the third dimension, in particular at the posterior elevation of the liner, was not apparent. Nonetheless, 2-dimensional measurement is a reliable surrogate for 3-dimensional wear.
conclusion
The use of a thin HXLPE liner in primary THR for patients with small acetabulum achieved good outcomes after a mean of 7.5 years.
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